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Supplementary Figure 7 . Zn 2+ dependence of ligase activity. The maximum activity was observed at 145 µM Zn 2+ . Towards lower Zn 2+ concentrations the activity sharply drops, matching the expected behavior predicted from the dissociation constants measured by Thermocalorimetry. Towards higher Zn 2+ concentrations, the activity also decreases but more slowly. One possible explanation is that Zn 2+ at high concentrations might also bind to additional sites with lower affinity thereby reducing the activity. Error bars represent one standard deviation. Ligation activity for samples at 0.1, 1, 5 and 10,000 μM ZnCl 2 was below the detection limit of 1%. Table 3 . While a coordination with four ligands is most commonly observed for zinc ions, a coordination geometry including six ligands has been observed in natural proteins numerous times 1, 2 . The first shell coordination number was varied from four-coordinate to sixcoordinate. In each case the number of Zn-S and Zn-N/O components was systematically varied to obtain the best F value. These fits show that the data are most consistent with a sixcoordinate site with 2 Zn-S and 4 Zn-N/O components. A 1:1 occupation of the two sites modeled from NMR analysis would have resulted in best-fit with 3 Zn-N/O and 2 Zn-S coordination. However, the process of dialysis (removal of excess Zn is necessary for EXAFS experiments) may lead to stripping of some Zn from the weakly bound N-terminal site. This leads to an increase in the number of six-coordinate sites over four-coordinate sites in the protein and results in a best-fit first shell with more than 3 Zn-N/O paths.
The EXAFS data are dominated by first shell Zn-N/O and Zn-S, while second and third shells are significantly weaker. The second and third shells were fit with single (Zn-C) and multiplescattering (Zn-C-N) theoretical paths generated using a representative Zn-N(His) model. These weak features are due to a combination of single and multiple scattering from the amino acid ligands. The multiple scattering features are different from characteristic Zn-N(His)n 3 or ZnS(Cys)n 4 systems due to interference between second shell components of Cys and His ligands. Note that standard deviations in bond distances obtained from EXAFSPAK assume the use of raw, low-noise data. Although the data quality presented here are quite high, it is important to note that in the presence of several single and multiple scattering paths, the choice of a specific path to represent an average of multiple paths will also affect the standard deviations. Typically second shell paths have errors of the order 0.05 to 0.1 Å. Furthermore these standard deviations do not reflect the fact EXAFS analysis typically underestimates bond distances (relative to crystallography). The protein samples used for EXAFS analysis were extensively dialyzed and had no extraneous source of sulfur, precluding non-protein based Zn-S ligation. A visual inspection of the FEFF fit presented here shows that the first peak (corresponding to Zn-N/O paths) in the Fourier Transform is a slightly poorer fit relative to the second peak (corresponding to Zn-S paths). In an attempt to improve the fits and to differentiate between EXAFS studies with cysteine ligands are typically limited to four-and five-coordinate sites 5 . Studies have been performed on six-coordinate sites, but typically with all light atom ligands 6 . In general, a comparison of total EXAFS intensity can give an insight into the coordination number but the presence of two different first shell ligands (N/O and S) modulates the EXAFS data strongly, making a meaningful comparison of EXAFS data between two systems with different coordination numbers difficult 5 .
